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of the achene cell central bodies, while C. nigromarginata, C. floridana 
Schwein. and C. peckii Howe ex Peck produce tricin compounds and lack 
the unidentified compound and have concave sides of the achene cell 

central bodies (Rettig 1988). 

It is proposed that C. emmonsii, C. artitecta and C. physorhyncha be treated 
as varieties of a single species: 



Carex emmonsii Dewey ex Torrey var. emmc^nsii. Ann. Lyceum Nat. 

Hist. New York 3:411. 1836. Carex davisii Dewc'y, Amcr. J. Sci. Arts 
10:279. 1826, non Schwein. et Torrey, 1825. Type: MASSACHUSETTS, Willi- 
amstown, 1828 (LECTOTYPE — chosen here: NY!). Carex var 'ta var. minor Boott in 
Hooker, FI. Bor.-Amer. 11:223. 1839. Carex novae-angliae emmonsii (Dc'ney ex 
Torrey) Carey in A. Gray, Manual 556. 1848. Carex lucorum var. emmonsii (Dewey 
ex Torrey) Chapman, FI. South. U.S.:539. I860. C. varia emmonsi (Dewey ex 
Torrey) W. Stone, PI. S. New Jersey 304. 1912. Carex nigromarginata var. minor 
(Boott in Hooker) Gleason, Phytologia 4:22. 1952. 

Dewey ( 1826) did not designate a type for C. davisii but indicated it was 
from “Williamstown”, presumably in Massachusetts since the species was 
named for E. Davis of Westfield, Mass. No specimen was located that 
could be construed as Dewey s type material. Torrey (1836) replaced the 
illegitimate name with “C. Etmionsii, Dewey! in litt., Hab. 
Massachusetts!” The lectotype chosen here is from Torrey ’s Herbarium and 
labeled in Torrey s hand “Carex EiutuonsU Dewey in litt. alpestris Torr. & 
Schw; Davisii Dewey not of Torr. & Schw. Williamstown, Mass. 1828.” 



Carex emmconsii Dewey ex Torrey var. muhlenbergii (A. Gray) J. 

Rettig, comb. nov. BasIONYM: Carex pensy/vanica vat. miihlenk-rgia A. Gray, 



N 



Amcr. Gram. 2:163. 1835. Type: PENNSYLVANIA, 



J . n . 



(hoi-otype: HAL!, BH {photo!}, GH [photo!]). Carex varia Muhicnb. ex Willtl. 
Sp. PL 4:259. 1805, non Host, 1801. Carex nigromarginata vat. muhlenbergii. (A. 
Gray) (jlcason, Phytologia 4:22. 1952. 



Carex albicans Willd. cx Sprengel, Syst. vcg. 3:818. 1826. Type;: Carolina (hoi.otype: 
B, GA {photo!}). 

Carex emmonsii var. dislincta Howe cx Peck, Annual Rep. New 'tork State Mus. l8. 1 /6. 
1895. Type: NEW YORK, New Baltimore, May, Peck s.n. (i.Et:ToiT'Pi: — cho.sen 
here: NYS!). Carex varia f. dislincta (Howe cx Peck) Kukenth. in Engler, Pflanzenr. 

IV. 20 (Heft 38):449. 1909. 

Carex varia var. calmala L. Bailey, Mem. Torrey Bot. Club I: l0-4l. 1889- Typi : 
DELAWARE, Faukland, 9 May 1883, Commons s.n. (u;<T(nYPE— cho.sen here; 
BH!). Carex emmonsii var. colorata (L. Bailey) Peck, Annual Rep. New York Stare 
Mus. 48:176. 1895. Carex artitecta i. colorata (L. Bailey) Dole, FI. Vermont, ed. 



3:57. 1937. 

Carex artitecta Mackenzie, N. Amcr. FI. 18:189. 

iWithlenberg s .n . (hoi.otype: UPS). (Basi:o on C. 
Carex artitecta var. subtilirostris E J. Hcrm., Rhodora 



1935. Type: PENNSYLVANIA, 

varia Muhlenb. ex Wahlenb.). 

40;79. 1938. Tyim:: INDIANA. 



Vermillion Co.: 5 May 193'1, Deam 34764 (Moixrrvei-: CjH!; ison^pi:: MICH [(rag- 
men r!]). 

Although C. albicans is the oldest species name within this complex, it 
has been “widely and persistently” used for the taxon now known as C. 
ernmmsii var. emmonsii. The type, however, belongs to C. emmonsti var. 
muhhnher^ii and the name C. albicans therefore must be rejected under Art- 
icle 69 . 1 of the ICBN (Greuter et al. 




,REx i-MMONSii Dewey ex Torrey var. australis (L. Bailey) J. Retrig, 

comb. nov. Basion^'m: Cemx varta var. iiustralts L. Bailey, Bor. Gaz. (Crawfor- 
dsville) 16: D3. 1892. syntypes: MISSISSIPPI, Tupelo, 6 Apr 1889, Tracy s.n. \ 
MISSISSIPPI, Srarkville, l4 Apr 1890, Tv/O' -f «. ; TEXAS. Harri.s Co.; Hocklev 
Thnrow / j; TEXAS, Houston, 1886, Nealley s.n. (i.i ciotv pi; — chosen here; Tracy 
j.«.. Tupelo, BH!; i.soi.ec totype: NY!, US!). Carex varia f. amtraln (L. Bailey) 
Kukenth. in Engler, Pflanzenr. IV. 20 (Heft 38):4 l9. 1909. 

Carex rhynchophysa Lichm., Kongel. Danske Viclensk. Sclsk. Naturvitlensk. Marh. Alii. 
Ser. 2:264-265. 1849, non C. A. Meyer, 1838. Typi;: MEXICO, Chinautla, May 



rrYi 



Glumac. Pars 11:219. 1855. Carex niy^romary^inata f. minor Bt)eckeler, Bot. Jahrb. 
Syst. 1:364. 1881. 
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TAXONOMY OF HELENIUM SECT. 

AMARU M (ASTERACEAE) 



MARK W. BIERNER 

Department of Biology 
Southwest Texas State University 
San Marcos, TX 78666, U.S.A, 

afcstrac;t 

This treatment, which takes into account all known morphologic, ecologic, cytologic, 
and chemical data, recognizes Helenium L. sect. Amarum Bierner with two taxa: Helenium 
amarum (Raf. ) Rock var. amarum and H. amarum var. baclium (A. Gray ex S. Wats.) Water- 
fall. These are the only taxa of Helenium in North America with leaves nor decurrent along 
the stem. 



IN TRODUCTION 

Helenium L. sect. Amarum Bierner comprises two taxa distributed mainly 
in the southcentral and southeastern United States (Bierner 1972, Stanford 
and Turner 1988). The taxa are here recognized at the varietal level as 
Helenium amarum (Raf.) Rock var. amarum and H. amarum var. hadium (A. 
Gray ex S. Wats.) Waterfall. This concept follows the views of Watson 
(1883), Waterfall (I960), and Stanford and Turner (1988). 

The specific epithet amarum'' was originally used by Rafinesque (1817) 
when he described a plant from Louisiana and Mississippi as Galardia 
amara, Nutrall’s (1834) name Helenium tenuifoUum, however, was used for 
many years until Rock (1957) recognized that the two were synonymous 
and formed the new combination Helenium amarum. In fact, var. hadium was 
originally described as H. tenuifolium var. hadium. 

In 1902, Greene recognized these taxa as separate species, a concept that 
persisted for quite some time (Bierner 1972, Correll and Johnston 1970, 
Rock 1957). In this treatment, I have recognized them as varieties of one 
another because of the compelling ecologic evidence presented by Stanford 
and Turner (1988), and because such treatment is warranted when the 
morphologic, cytologic, and chemical data are considered. 

It is hoped that this taxonomic treatment will be of value to researchers 
who are interested in this section because of Helenium amarum var. amarum'^ 
well known toxicity to livestock and its ability to cause bitterness in the 
milk of cows that eat it (e.g., Ivie et al. 1975). This taxon also contains 
chemical compounds that may be efficacious as insecticides (e.g., Arnason 
etal. 1987) and as antineoplastic agents (e.g. , Waddell etal. 1979). With 
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regard to the above subjects, I have found no reports in the literature for 
var. hadium. 



INTHRSKCTIONAI. RELATIONSHIPS 



Section amarurn is delimited Irom the four other North American 
sections of Helenium by its nondecurrent leaves (Bierner 1972). There are, 
however, many nondecurrent-leaved species in South America in sections 

Actinea and Cephalophora (Bierner 1978, 1987). In addition, Heleninm 
aromatkurn (Hook.) Bailey of sect. Cephalophora produces the sesquiterpene 
lactones aromaticin, helenalin, and mexicanin 1 (Romo et al. 1964), all of 
which have been isolated from H. amarurn var. amarurn (Seaman 1982). I 
was tempted at one point, therefore, to use these data to suggest that sect. 
Amarurn of North America is most closely related to sect. Cephalophora of 
South America. Later, however, it was my opinion that there was better 
evidence (Bierner 1987) for a disjunction from sect. Tetrodus of North 
America to Chile giving rise to sect. Cephalophora. If this hypothesis is 
correct, there is no direct link between sect. Amarurn and the South 
American sections. 

It appears on morpholgic and cytologic grounds that sect. Amaru?u may 
be most closely related to sect. Tetrodus. In particular, both taxa of sect. 
Amarurn and 12 of the 14 taxa of sect. Tetrodus are annuals with narrow 



involucral bracts that are reflexed at anthesis, while the other North 
American taxa are perennials with wide involucral bracts that often are 
only spreading at anthesis. Cytologically, the chromosome number of n = 



1 5, which is found in both taxa of sect. Amarurn., has been observed in only 
two other species of Helenium, both of which arc in sect. Tetrodus (Bierner ct 
al. 1977, Grashoff et al. 1972). 



Intrasectionae rei.ationsi ups 

Recognizing the two taxa of sect. Amarurn as varieties of the same species 
is not a new idea. Helenium amarurn var. badium was, in fact, originally 
described as a variety under the old name H . tenuifolium . 

The two taxa are very similar morphologically, differing mainly in the 
color of the disc corolla lobes and the shape of lower and basal leaves (see 
descriptions). Based on observations of a mixed population in Austin, 
Te xas, Stanford and Turner ( 1988) suggested that the section be “ . . . trea- 
ted as monotypic, the single species comprised of two regional intergrad- 
ing varieties . . For approximately 10 years. Turner had noted that this 
population included plants with yellow discs and plants with reddish- 
brown discs, that the percentage of each would vary from year to year, and 
that this was the only character that would distinguish between them. In 
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addition, Stanford and Turner noted that plants in populations to the west 
of Austin on the Edwards Plateau become totally reddish-brown-headed 
and have lower leaves that are more pinnatisect, while plants in popula- 
tions east of the Edwards Plateau become more robust, have all yellow 
heads, and have less dissected lower leaves. 

These morphologic differences are not great, but they are fairly con- 
sistent, and there is a geographic integrity to the distribution of plants that 
have these distinguishing characters. Plants referable to var. hadium are 
found mainly from central Texas north to southcentral Oklahoma, and 
southwest to the states of Coahuila and Chihuahua in northcentral Mexico, 
while those referable to var. arnaYuni are found mainly from central Texas 
and central Oklahoma to the east (Stanford and Turner 1988). There is 
some overlap in their distributions, particularly along the Balcones Escarp- 
ment in Texas. Populations containing plants with both types of morphol- 
ogy (e.g. , Bierner and Averett 42 & 43 TEX; the population noted by Stan- 
ford and Turner 1988) or with apparent intermediate morphology (e.g., 
Bierner and Szatkowski 297 & 298 TEX) can be found in these areas. 

Ecologically, both are weedy taxa that commonly grow near roadsides 
and in disturbed pastures and fields. However, var. amarum tends to grow 
on clay soils in areas with 30 — 60 inches annual precipitation, while var. 
hadium grows mainly on calcareous soils in drier areas to the west (Stanford 
and Turner 1988). Furthermore, var. amarum behaves as a winter or 
summer annual and completes its life cycle predominantly during the 
following summer or autumn (Baskin and Baskin 1973), while var. hadium 
flowers mainly during the spring and early summer. Plants of both taxa, 
however, can be found flowering throughout most of the year. 

All plants of sect. Amarum that have been examined thus lar have a 
chromosome number of « = 15 (Grashoff et al. 1972). In general, meiosis 
is very regular wit-h 15 clear bivalents formed during diakinesis and 
metaphase I. In the population mentioned above as containing plants with 
apparent intermediate morphology, however, I was nor able to obtain 
counts because of irregularities in the meiotic process. This combination of 
morphologic intermediacy and irregular meiosis suggests that the plants 
were hybrids and supports a hypothesis that there are two taxa that have 
diverged from one another to some extent. 

The flavonoid chemistry of var. amarum and var. hadium is almost identi- 
cal (Bierner 1973), but sesquiterpene lactone chemistry is unclear at 
present. Several sesquiterpene lactones have been reported in var. amarum 
(Seaman 1982), while only tenulin has been identified in var. hadium (Clark 
1939). I suspect that many of the sequiterpene lactones found in var. 
amarum will be found in van hadium when it is thoroughly characterized. 



This is a classic situation for the recognition of geographic varieties. The 
taxa are very similar as to their morphology, ecology, cytology, and 
chemistry, but they occupy different geographic areas, they are morpholo- 
gically separable in areas of allopatry, and there is a zone of sympatry in 
which there is some morphologic intergradation with some meiotic irregu- 
larities. 



TAXONOMY 



HELENIUM L. sect. AMARUM Bierner, Brittonia 2^(4):335. 1972. 

Type; lleltnium amayum (Rut.) Rock. 

Taprooted annuals. Stems one to occasionally several originating at the 
base, unbranched to usually corymbosely branched above, sulcate below 
becoming striate above, glabrous below becoming sparsely pubescent 
above with short antrorse hairs, usually moderately dotted with sessile 
glands. Peduncles 3~ 11 cm long, striate, sparsely pubescent with short 
antrorse hairs, moderately dotted with sessile glands, broadened beneath 
the receptacle. Leaves sessile, not decurrent. Middle and upper leaves 
linear, entire, sparsely pubescent with short antrorse hairs, densely dotted 
with impressed glands. Lower and basal leaves often withered at anthesis, 
linear to ovate in outline, entire to pinnately toothed or lobed to pinna- 
tifid, glabrous to sparsely pubescent with short antrorse hairs, densely dot- 
ted with impressed glands. Heads solitary to numerous, hemispheric to 
globoid to globose. Receptacle hemispheric to globoid to ovoid, alveolate, 
naked. Involucre of two series of free bracts, the outer exceeding the inner, 
reflexed at anthesis. Outer involucral bracts green, linear lanceolate, 
acuminate, moderately to densely pubescent with short antrorse hairs, 
moderately dotted with impressed and sessile glands. Inner involucral 
bracts yellow-brown, often green toward the tips, oblanceolate to obovate, 
acuminate, sparsely to moderately pubescent with short antrorse hairs. 



sparsely to moderately dotted with sessile glands. Ray florets 8 



10 per 



head, pistillate, fertile. Ligules 3-lobed, yellow, upper surface glabrous 
and without glands, lower surface moderately to densely pubescent with 
short antrorse hairs, moderately to densely dotted with sessile glands. Disc 
florets bisexual and fertile. Disc corollas 5-lobed, cylindric, yellow with 
yellow to yellow-brown to purple lobes, sometimes purple the upper 1/4 to 
3/4, sparsely to moderately dotted with sessile glands. Achenes ribbed, 
moderately to densely pubescent with straight hairs that are forked at the 
apex. Pappus scales 6 — 8, obovate, awn-tipped or acuminate into the awn. 
Chromosome number, n — 15. 
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KEY TO THE TAXA OE HliUiNlUM SEC:T. AMARUM 

A. Disc corollas yc41ow with yellow to yellow brown lobes; lower and basal 
leaves usually withered at anthcsis; lower leaves usually entire, occasionally 



A 



pinnately toothed; basal leaves entire to pmnately toothed to occasionally 

pinnatifid la. H. amarum var. amarum 

Disc corollas usually yellow with purple lobes, but sometimes yellow at the 
base and purple in the upper 1/4 to ,V4; lower and basal leaves sometimes 
withered at anrhesis, bur often persistent; lower leaves linear to ovate in 
outline, entire to pinnately toothed or lobed to pinnatifid; basal leaves 
pinnatifid lb. H. amarum var. 





H ELENIUM AMARUM (Raf.) Rock var. AMARUM, 

1957. Bask ) n ym : G alarcha a mat a R af. , FI . Lucl ov. 69. 
Louisiana. Rapides Parish: Alexandria, 6 Sep 1S98, C,R. 



Rhodora 59:131. 

ltS17. T'j’pk: U.S.A. 
Ball 182 (NEorYPR: 




Helemam teruajoliam Nutt., J. Acad. Nat. Sci. 
ALABAMA. Beck sat. (LFcrro iypf.: PH!). 

Kunrze, Rev. Gen. PL 1:342. 1S91. 



Philadelphia 7:66. 1834. Typu: 

H eleniastrNw tenaijol iinn (Nutt.) 



Plants (1)2 — 6(10) dm tall. Lower and basal leaves usually withered at 
anthesis. Basal leaves linear to ovate in outline, entire to pinnately toothed 
to occasionally pinnatifid. Lower cauline leaves usually linear, usually en- 
tire, but occasionally pinnately toothed. Heads 5—9 mm high, 6—10 
mm wide. Receptacle 1.2 — 2.1 mm high, 1.4-3. 5 mm wide. Ligules 
6.5 — 14 mm long, 4— 10 mm wide. Disc corollas yellow with yellow to 
yellow-brown lobes, 2.0 — 2.7 mm long, 0.8 1.2 mm wide. Achenes 

0 . 9 — 1.3 mm long, 0.6 — 0.8 mm wide. Pappus scales 6 — 8, 1.2— 1.8 
mm long including the awn, 0.4 0.6 mm wide, the awn 0.7 1.1 mm 

long. Chromosome number, n ~ 15. 

Flowering February to December, mainly July to October. From central 
Texas and central Oklahoma eastward throughout the southeastern United 
States and northeast as far as Connecticut. 



lb. 



W; 



Waterfall 



Rhodora 62:321. I960. Basionym: Hdrmum trninjolium Nutt. 

var. badiitm A. Gray tx S. Wars., Proc. Amer Acad. Arts 1(S;108. IS83. T'l'Pi-: 
TEXAS. Travis Co.: “Borroms," Austin, 20 May 1872, E. Hali 364 (l.l•.CTO'|•YPl;: 
here designated GH!; i . solectoitpes : NYI, PH!, US!). = hh/enium badium (A. 
Gray ex S. Wats.) Greene, Pit tom a 5:55 ~ 56. 1902. 



Plants 1 — 5(8) dm tall. Lower and basal leaves sometimes withered at 
anthesis, but often persistent. Basal leaves pinnatifid. Lower cauline leaves 
linear to ovate in outline, entire to pinnately toothed or lobed to pinna- 
tifid. Heads 5 — 8 mm high, 6 — 9 mm wide. Receptacle 1.1 — 2.0 mm 



high, 1.3 — 3.1 mm wide. Ligules 4.5— M mm long, 2-9 mm wide. 

Disc corollas usually yellow with purple lobes, but sometimes yellow at the 
base and purple in the upper 1/4 to 3/4 , 1 . 6 - 2 . 5 mm long, 0.8- 1.2 mm 
wide. Achenes 0.7— 1.0 mm long, 0.5— 0.7 mm wide. Pappus scales 
usually 6, 1.0 — 1.5 mm long including the awn, 0.4 — 0. 5 mm wide, the 

15. 

July. The Edwards 



awn 0.4 — 0.8 mm long. Chromosome number, n 



Plateau of central Texas north to north Texas and southcentral Oklahoma, 
and west and southwest to Trans-Pecos Texas and adjacent Mexico. 
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EXCELSA TAXONOMIC SERIES NO. 4 



The Society is pleased to announce publication of the fourth volume in 
the Excdsa I'axonmnk Series. 

This volume is a taxonomic and nomenclatural revision of the genus 
il Hernia R.Br. by Mr. L.C. Leach. Sixty four species and 22 infra specific 
taxa are accepted and five new species established. Artificial keys are provi- 
ded together with complete synonymy and literature references. There are 

78 monochrome illustrarions, 47 line drawings showing diagnostic details 
and variability, and nine distribution maps. 

Idle text and illustrations are contained in a book of 202 pages 185 X 
mm in size with a soft cover. 

Orders are welcome and should be sent to the National Secretary, Aloe 
Cactus and Succulent Society at the address above. Since the print order is 
limited all applications will be dealt with on a first come first served basis. 

The price per copy which includes packing, registered postage and all 



$ 



$27 



Wh 



bank drafts are preferred, personal cheques are acceptable. If cheques or 
drafts present a problem, bank notes (L, US $, DM, Sfr, Rand) may be sent. 
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SYSTYLA (HYDROPHYLLACEAE) AND ITS 
IMPORTANCE TO THE SYSTEMATICS OF NAMA 
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ABSTRACT 



Seeds of Drapvria systyla, sometimes considered to be a close relative of Nama, have been 
examined using scanning electron microscopy. Seeds arc ovate-elliptic in outline, average 
1.8 mm in length and exhibit an alveolate surface pattern. Secondary deposits are found in 
the outermost testa cells. The deposits fill the lower 1/3 ~ 1/2 of each cell and continue 
upward as a veneer of decreasing thickness to the apex of radial walls. Removal of deposits, 
by sonication, reveals that radial walls of these outermost cells have both pits an d th ick- 
enings, a radial wall pattern not found in seeds of any species of Nama . Seeds of D. syslyla are 
distinct from those of Nama and do not suggest the two genera are closely related. 



INTRODUCTION 

An important aspect of continuing revisionary studies of Nama is the 
determination of relationships with other genera. The nearest relatives of 
Najna generally have been held to be Eriodictyon, Tnrricida and Eemnionia 
(Hitchcock 19.33; and see Constance 1963). As surmised by Hitchcock 
( 1933), the alliance of Nama with Eriodictyon and Turrkula (the latter inclu- 
ded in Eriodktyon by Hitchcock), was to be traced through the anomalous 
N. lobbii A. Gray, placed by Hitchcock in his monotypic Nama sect. Arach- 
notdea. Recently, the relationship of N . lobbii to Eriodktyon , ‘Turrkula and 
the remainder of Nama has been assessed using seed coat structure (Bacon, 
Bragg and Hannan 19b6a; Chance and Bacon 1984) and flavonoid 
chemistry (Bacon, Fang and Mabry 1986b; and see Bacon et al 1986c). 
These studies suggested that N. lobbii should be placed in its own genus, 

with affinities nearer to Eriodktyon than to Nama. Bacon ( 1989, 1987) has 

examined seed coat structure and floral characters of Lemmonia and selected 
species of Nama and concluded that Lemmonia must be united with Nama. 
Therefore, relationships of Nama appear to be more obscure than tradition- 
ally proposed, and that Nama has close relatives elsewhere within the 
Hydrophyllaceae should be considered. 

Draperia systyla (A. Gray) Torn ex A. Gray is a perennial herb with 
opposite leaves that is endemic to Calilornia (Jepson 1943; Munz and Keck 
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1959). Originally d escribed by Gray ( 1862) as Naftia systyla A. Gray, the 
taxon was subsequently established as the monotypic genus Draperia by 
Torrey (in Gray 1868) and placed in Gray’s tribe Phacelime (Gray 1875). 
Nevertheless, Gray (1877) maintained an indirect relationship between 
Nama and D. systyla when he founded Lemmonia, placed it in his tribe 
Nameae, along with Nama and Eriodhtyon and stated that it was “somewhat 
related to Draperia . Also, Hitchcock ( 1933) cited Draperia as a close relat- 
ive of Nama. However, because Draperia and Nama arc dissimilar both 
morphologically and cytologically — in Draperia w — 9 (sec Constance 

1963), in Nama X = 7 (Bacon 1984, 1974; Constance 1963) — the poten- 
tial relationship of the two genera has not been fully explored. With the 
submergence of Lemmonia in Nama, this potential relationship requires 
assessment. Seed coat features have proven valuable in assessing relation- 
ships within Nama (Chance and Bacon 1984) and among Nama and its 
suggested relatives (Bacon 1987; Bacon et al 1986a). Therefore, seeds of 
D. systyla have been examined using the scanning electron microscope 
(SEM), with the aim of assessing seed coat features as they bear on the 

relationship of Nama and Draperia. Results of that study are presented 
here. 



MATFRIALS AND MI-THOlXS 



Mat 



tyla (see Appendix). For examination of internal structure, seeds were 
sectioned free-hand with a single-edge razor blade, placed in a 1/4 dram 
screw cap vial and extracted for about two minutes in acetone to remove 
obscuring oils. Additionally, some whole seeds and seed sections were pla- 
ced in a 1/4 dram screw-cap vial, covered with acetone and sonicated in a 
Bransonic 12 Ultrasonic Cleaner for 120 — 180 seconds in an effort to 



remove the outer tangential wall and contents of reticulum cells (outermost 
testa layer) to reveal radial walls. Whole seeds and sections were mounted 
on aluminum stubs with carpet tape. Specimens were coated in an Anatech 
Hummer VI sputter coater using a gold-palladium target and examined 
with a JEOLJSM 35-C SEM at an accelerating voltage of 15 kV. 



RCSULTS 

Seeds of D. systyla are dark red brown in color and generally ovate- 
elliptic in outline (Fig. 1). Examined seeds range from 1.6 to 2. 1 mm in 
length, and average 1.8 mm (N = 15). The outer testa is “moderately 
reticulate” as interpreted by Chance and Bacon (1984). Reticulum cells are 
irregularly angular, quadrangular to hexagonal (Fig. 1), generally as broad 
as long and radial walls — those at right angles to the long axis of the 
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FIGS. L — 3- Seeds of Draperia systyla. (Bar in 1 and 2 = 100 |JLm; bar in Fig. 3 = 10 p-m.) 1 . 
Whole seed. 2. Unsonicared seed secrion showing secondary deposits in reticulum cells. 3- Sonicated 
seed section with secondary deposits removed (except at arrow) showing pits and thickenings on 
reticulum cell radial walls. 





— arc of equal height. In other examined species with angular 
reticulum cells the cells tend to be narn)wer in one dimension than the 
other and radial walls are unequal in height (Bacon et al 1986a; Chance and 
Bacon 19H4). There is no definite pattern in the arrangement of reticulum 
cells in D. sysly/a, in contrast to the regular patterns found in Eriodictymi 
and Vumada (Bacon et al 19H6a) and some groupings Nenuu (Bacon 
1987; Chance and Bacon 1984). Sections reveal that reticulum cells of D. 
systyld contain secondary deposits that adhere to but are not a part of 
reticulum cell walls, and, in fact, obscure derails of wall structure. These 
deposits fill the lower 1/3 1/2 of each cell and continue upward as a 

veneer of decreasing thickness to the apex of radial walls (Fig. 2, 3). The 
deposits are not removed from cells of sonicated whole seeds, but are 
removed in some cells of sonicated seed sections, revealing that radial walls 
have both pits, of varying size and shape, and thickenings (Fig. 3)- 



DISCtlSSION 



In overall features, seeds of D. systyld arc distinctive when compared to 
those of Nama. Seeds of D. systyla are larger than those o( N a ma proper, 
those of the latter ranging from 0.3 mm to about 1 mm m length, and 
there is little similarity in general reticulum organization between the 
two. The deposits found in reticulum cells of Id. systylci arc absent in the 
latter species, and the radial wall pattern found in reticulum cells of D . 
systyla is not found in species of Nawa. Pits but not thickenings 
characterize reticulum cell radial walls in some species of Nawa, while 
thickenings but not pits are found in several others (Bacon 1987; Chance 
and Bacon 1984). Pits in Id. systyhi are less rounded and of less uniform size 
and thickenings are more irregular in size and shape than those found in 
Nawa. The pattern of both pits and thickenings on reticulum cell walls in 
D. systyla is unlike any found among species of Nawa. 

Deposits similar to those in D. systyla are found in reticulum cells of N, 
and N. rothmk/i A. Gray, another anomalous species of Nawa 
(Hitchcock 1933) whose placement has been challenged (Bacon et al 




1986a; Chance and Bacon 1984). However, whereas those of D. systyla fill 
no more than half of each cell, those in the latter two species characteristi- 
cally fill each cell. Nevertheless, seeds of D. sy.Uyla, N. lohhii and N. 



rothrockii are all comparable in size and larger than those of other species of 




The differences between seeds of Id. systyla and most species oi Nawa are 
consistent with morphological and cytological differences between the two 
taxa. In addition to its opposite leaves, D. systyla produces herbaceous, 
upright stems which arise from "horizontal, rooting branches of a large 



root crown” (Jepson 1943). Its inflorescences are terminal, branched, 
scorpioid cymes. Its capsules contain 1—4 but typically 4 seeds. 

Two species of Nama produce opposite leaves, but this arrangement 
appears sporadically elsewhere within the family and appears to be of little 
taxonomic importance at the generic level. There are no species of Nama 
that produce the horizontal, rooting branches characteristic of D. systyla, 
but, perhaps significantly, N. lohhii and N. rothrockii initiate stems from 
horizontal rhizomes. Inflorescences in Nama are cymose but never 
scorpioid. With the exception of N. californicum (A. Gray) Bacon 
( = Lemmonia calijornica) , all species of Nama produce more than four seeds 

per capsule (see below). 

Torrey (in Gray 1868) stated that D. systyla had the corolla and “nearly 
the androecium” of Na?na while possessing the seeds and gynoecium of 
Phacelta proper. [Indeed, in overall size and reticulum organization, seeds 
of D. systyla are similar to seeds of some species of the Crenulatae group of 
Phacelia (Constance 1963), but they lack the excavations and salient ridge 



found on the ventral surface of seeds of the latter (see Atwood 1975).} In his 
generic description, Torrey noted that corollas of D. systyla are tubular- 
funnelform and that the stamens are unequal and unequally inserted, the 
typical conditions in Nama. Gray ( 1877), erecting Lemmonia, simply noted 



that Lemmonia was “. . . somewhat related to Draperia ...” but was prop- 
erly placed in his tribe Nanieae. He pointed out that Lemmonia had a campa- 
nulate corolla and noted differences in stamen features which distinguished 
Lemmonia from Nama, and therefore, from D. systyla. He then noted that 
Lemmonia produced only two ovules per loculc and formed large seeds. 
Thus, it seems that Gray’s association of Draperia and Lemmonia must have 
been based in large part on ovule/seed number, a feature which he em- 
phasized in his reorganization of Phacelia (Gray 1875), but which has since 
been shown to be unreliable (see Constance 1963). 

In conclusion, evidence from morphology, cytology and seed structure 
supports recognition of Draperia and Nama as separate and perhaps unrela- 



ted genera. 
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APPENDIX; Sc >ukc:e ()e- sI'F.d samples. 



California: Siskiyou Co.: White Ridge, S. Fork Sacramento River, Cmmpton kS’d9 (UC); 
Tulare Co.: Old (iolony Mill, K. Bramkgee s.n. (UC). 
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ABSTRACT 



Trtfulium stdoniferum Muhl. ex A. Eaton (Fabaceae) (running bufhilo clover) is Federally 
listed as an Endangered species by the U.S. Fish and Wildlife Service. This species formerly 
grew in eight states from West Virginia to Kansas. As of 1987 this species was confirmed 
extant at only five sites in Indiana, Kentucky, and West Virginia. Trijoliutn stolonijerum was 
known historically from eight counties in southern Ohio, the last collection being in 1907. 
In 1988 this species was rediscovered at eight sites in Clermont, Hamilton, and Warren 
counties. Population sizes range from 1 to ca. 1 10 individuals. Historic and modern 
habitats for running buffalo clover are described. Trifolium stohmiferum seems restricted to 
mesic sites in semishade where there is a pattern of long term disturbance, such as mowing, 
trampling, or grazing. The decline of running buffalo clover in Ohio seems related to the 
decimation of herbivores on which the species depended for dispersal and subsequently to 
maturation of habitats. 



INTRODUCTION 

Trijolium stolonijerum Muhl. ex A. Eaton (running buffalo clover) 
(Fabaceae) is a stoloniferous perennial which formerly grew over a broad 
area of the American Midwest. Brooks (1983) described the geographic 
range of this species and pointed out its remarkable decline in the 
twentieth century. Running buffalo clover formerly occurred in the states 
of West Virginia, Ohio, Kentucky, Indiana, Illinois, Missouri, Kansas, 
and Arkansas. Yet Brooks was unable to locate any specimens later than a 
1940 collection from Webster County, West Virginia. This revelation 
spurred a search for the clover in West Virginia and its eventual rediscovery 

in Fayette and Webster counties in that state (Bartgis 1985). In 1987 Trifo- 
lium stoloniferum was listed by the U.S. Fish and Wildlife Service as an en- 
dangered species in the United States. In that same year populations of 
running buffalo clover were discovered in Indiana and Kentucky (M. 
Homoya, Indiana Heritage Program, pers. comm. 1987; Campbell et al. 
1988 ). 

Five populations of Tri folium stoloniferum were known to be extant na- 
tionally as of the spring of 1988: Fayette and Webster counties. West 
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Virginia; Ohio County, Indiana (two populations); and Boone County, 

Kentucky. The Kentucky population consists of several hundred plants 
and is the largest so far located. 



efforts to 




1 and Wildlife 
ij oil uni stolonijx 



:ate this species. The Division of Natural Areas and 



Preserves, Ohio Department of Natural Resources, assembled a team of 
botanists to search for this species in its historic range. The writer coor- 
dinated this survey and trained the Division staff. ’’The Clover Team” in- 
cluded; John Baird, New Richmond, Ohio; Renee Beaudoin, Miami 



University, Oxford; Susan Smith, Middletow 



and Sabina Sulgrove, 



Dayton. We also were assisted by Division ecologist W. 
paper summarizes our knowledge of historic records of this species in Ohio, 
presents the results of the 1988 survey, and discusses the factors which led 
to the decline of this species throughout its range in this century 



Herbarium specimens of Trijoliiim stolonijeruni are known from seven 
counties of central and southwest Ohio, as well as a single county in the 
east; Belmont, Butler, Clark, Clermont, Clinton, Franklin, Greene, and 
Hamilton counties. T he last known Ohio collection was in 1907 in 
Belmont County. These historic records for running buffalo clover are 
mapped as solid dots in Figure 1. The dots indicate only the county dis- 
tribution since the vague locality data on most nineteenth century 
specimens precludes exact mapping. At least 28 separate collections of this 
species are known from Ohio before 1907. Thirteen of these collections are 

from Hamilton County. A list of these historic collections is available from 
the author. 

The county distribution of Figure 1 differs from that in Brooks ( 1983) 
by the omission of Hancock and Warren counties. The Hanmrl- r'Mnnr\/ 



J 



Will 



Pad d ock was a well- 



known botanist in central Ohio during the 1830 s. Most of his specimens 



Worth 



(vScuckey 




Almut J 



(pers. comm. 




curator of the 



herbarium at ILL, confirmed that the original collector’s label reads 
“Wtn”, Paddock’s usual abbreviation for Worthington. Paddock’s “Wtn” 
was expanded to VC^illiamstown by an unknown hand, apparently when 
the specimen was accessioned about 1919. 

The Warren County record in Brooks is based upon a 1877 collection by 
J. F James, also at ILL, labeled ‘Loveland’ with no county indication. The 
town of Loveland is in Clermont County at the border of Hamilton and 
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E^IG. 1 . Histone distribution of Trifoliian stnbmijtrum Muhl. ex A. Eaton in Ohio; open circles. 18th 
century literature reports; solid dots, herbarium specimens, 18^0’s-1907. 



Warren counties. There is no way of knowing exactly ftom which county 
James collected this specimen. 



Running 




clover also is attributed to Sandusky County by 



Roberts & Cooperrider (19S2). This repott is based upon a misidentified 




.V L. at 




1 



specimen of Trijolium ) 



The open circles on the map in Figure 1 represent four eighteen century 
references to “clover” or “buffalo clover” as a part of the pre-settlement 
landscape in Ohio. These reports are discussed in the following section. 
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HISTORIC HAUn'ATS 



There is little historical information on the habitat of Trifolhim stolo- 
nijerum in Ohio at the time of European settlement. Campbell et al. ( 19B8) 
sumarized the historic data on this species in Kentucky, which suggests 
that running buffalo clover grew in open woods and along trails and water 
courses. Historic references to running buffalo clover in Ohio are more 
scarce than in Kentucky because Ohio was not settled until late in the 
eighteenth century. The four known eighteenth century references are 
mapped as open circles in Figure 1. 

The earliest known reference to clover in Ohio is found in the journal of 
the British trader Christopher Gist. In 175 1 Gist traveled from the Ohio 
River near the modern Portsmouth to the Indian towns along the Great 
Miami River near the present Piqua. After leaving the hills of unglaciated 
Ohio, Gist entered the till plains and reported seeing: “fine, rich level 
Land, well timbered with large Walnut, Ash, Sugar Trees, Cherry Trees &, 
it is well watered with a great number of little Streams or Rivulets, and full 
of beautiful natural meadows, covered with wild Rye, blue Grass and cl- 
over, and abounds with Turkeys, Deer, Elks, and most Sorts of Game parti- 
cularly Buffaloes, thirty or forty of which are frequently seen feeding in one 
meadow.” (quoted in Shriver 1987, p. 54). 

These comments by Gist are doubly significant in being the only direct 
link between Trijoru/m stolonifmwi and buffalo. Bison bison (Linnaeus), in 
Ohio. Evidence suggests that this species grew along buffalo traces in Ken- 

Virginia (Bartgis 1985; Campbell et al. 1988). 
Buffalo were quickly extirpated from Ohio, the last animal reportedly 

being killed in 1803 (Shriver 1987). 

A second early reference to clover in the valley of the Great Miami River 
is found in a journal kept by a travelling minister, James Smith ( 1907). In 
1795 Smith described the luxuriant vegetation on the terraces of the Great 
Miami R iver north of the modern city of Hamilton, noting that “wild rye 
and clover was here in abundance” (p. 379). 

Two writers indirectly link buffalo and lyifoliiiin stolonijtrnm in the valley 
of the Muskingum River north of Marietta, Ohio. John May, a Boston 
merchant who arrived at Marietta, the state’s first organized settlement, in 
1788, twice refers to hunters seeing buffalo along the Muskingum River 
(Smith 1961, pp. 6l, 63). S. R Hildreth, the foremost historian of the 
Marietta settlement, described the bottomland near the mouth of the 



West 



Muskingum River in 




“The pea vines, and buffalo clover, with 



various other plants were nearly knee high, and afforded a rich pasture for 
their hungry horses” (1848, p. 207). 

In 1796 James Finley, a circuit-riding minister from Kentucky, visited 



the valley of the Scioto River in the vicinity of the present-day city of 
Chillicothe. Here he found “a garden of nature” with a variety of tree 
species and “beneath all, the wild rye . . . mixed with the prairie and 

buffalo clover” (Strickland 1853, p. 105). 

A problem in interpreting the historic records is the possibility that they 
may refer to the ubiquitous European white clover Trifolwm repens L. That 
species was introduced into North America at an extremely early date and 
quickly became naturalized throughout the continent. John May, the 
Boston merchant mentioned above, brought “cloverseed” to Marietta in 
1788 (Smith 1961, p. 35). This undoubtedly was seed of T repens. Pursh 
(1816) refers to the occurrence of T. repens in disturbed ground as far as 100 
miles distant from the nearest habitations. Drake (1815, p. 56) indicates 
that T. repens was a common plant in the Cincinnati region that appeared 
spontaneously almost immediately following cultivation. Campbell et al. 
discusses this problem and concludes that almost all pre- 1800 reports from 
Kentucky refer to T. stoloniferurn . References after that date are more 
dubious. It is likely that the four eighteenth century references from Ohio 
refer not to European, but to indigenous clovers. Finley and Hildreth 
specifically refer to “buffalo clover” and the early date of the Gist and Smith 
references argue for the indigenous species. 

The labels on herbarium specimens of running buffalo clover from Ohio 
have little habitat description. Although tersely worded, these remarks 
confirm the presence of the species in open woods and borders and on 
stream terraces. 

The earliest Ohio specimens of Trifolium stoloniferiim date from the 
1830’s. An 1834 collection by E. J. Paddock has no habitat data and simp- 
ly is labelled “Worthington”, Franklin County. There are two undated, 
pre- 1840 specimens from Hamilton County. Thomas Lea collected this 
species in “Riddle’s ploughed cornfield” (PH). Riddle’s property was along 
the valley of Mill Creek just north of downtown Cincinnati (Braun 1934). 
Lea’s specimen neatly links the border and stream terrace settings with a 
recent disturbance. A C.W. Short specimen is labeled “North Bend, 
Fernbank in woods along Ohio River” (MO). Fernbank is not a habitat 
description, but the name of a small community which existed for a few 
years just east of the present North Bend (Ford & Ford 1881). Fernbank 
was only a few miles east of one of the extant Ohio populations of running 
buffalo clover. The Short collection confirms the occurrence of the species 
in an alluvial habitat. 

The earliest published reference to Trifolium stoloniferurn in Ohio is con- 
tained in Riddell’s catalog (1835). Riddell simply states that this species 
occurs “fields, ofpen] wfoods}, etc., O, Ky.” (p. 23). This generalized 
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description is not particularly useful. However, it does suggest that run- 
ning buffalo clover was distributed rather generally. No Riddell specimen 
of Trifolium itolonlferum has been located in this study. Riddell might have 
seen this species in either the Columbus or Cincinnati areas where he lived. 

Subsequent Ohio specimens of running buffalo clover lack habitat data 
with two exceptions. An undated Braun specimen from Hamilton County 
is labeled “dry fields ” (US). This atypical reference is unexplained, A 1907 
E. M. Laughlin specimen from Belmont County is labeled “edge of Stur’s 
Woods, low ground ”. Laughlin’s comments confirm the link between this 
species, edge habitats, and moist situations. 

The pri meval forests of North America were not as uniform and un- 
broken as pictured in romance. Running buffalo clover probably survived 
in a variety of disturbed, successional habitats. Likely situations inc 
animal and human trails, young woods, and openings created by wind- 
storms and fires. 
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Eight Ohio populations of 'rrijoliinn sUihmijeruni were discovered in 
1988: five in Hamilton, two in Warren, and one in Clermont counties. 
Voucher specimens are deposited at OS and US. The eight stations are 
mapped in Figure 2. The five sites in western Hamilton County arc cluste- 
red in a small area, therefore, the distance between the dots in Figure 2 is 
considerably exagerrated. Warren County is a new county record for this 
species. Population sizes range from a single individual to ca 1 10 plants. 
The total number is approximately 250^ 270 plants. This is a significant 




increase in both the number of sires and individual plants confirmed extant 
in the national range of running buffalo clover. The largest of Ohio’s popu- 
lations presently is the second largest known sire for this species in its total 
range. Trijolium stolonifer/zni is listed as an Endangered species in the State of 

Ohio (ODNAP 

The modern habitats of Trifalium stolonijtrum arc in ojsen, moist, distur- 
bed situations. However, it is difficult to pinpoint any single factor linking 
all the known habitats. Successful searches for this species should not con- 
centrate on a single type of habitat, bur must broatlly survey a variety of 
moist openings. Detailed data on habitat, associated species, and location 
is contained in the database of the Division of Natural Areas and Preserves. 
Add I tional information is available to researchers from the author. 

Tlie 1 argest of the eight Ohio populations of this species, ca 1 10 plants, 

grows at the Miami Fort in the Hamilton County Park District. This is an 
outstanding archaeological area with earthworks probably built by Indians 
of the Hopewell culture ca 100 BC to 600 AD (Welsh n.d.). The clover 
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FIG. 2. E xtiint populations of IrifoliNfN stoh^fujen/w in southwest Ohio, 19H8. 



population is located within these earthworks. Most of the plants cluster 
about the bases of large black walnuts ijuglans nigra L.) while others grow 
adjacent to a gravel trail. The opening is moist, grassy, and parklike with 
filtered light. Typical herbaceous associates of the clover include: Elymns 
virginicus L., Glechonia hedsracea L., and Stellaria nisdia (L.) Cyrillo. 

The Miami Fort apparently was heavily forested at the time of European 
settlement. The earliest description of the site was given by J. Scott Harri- 
son who was born in 1804 at a homestead directly below the Miami Fort. 
His remarks date from 1838. As a young man Harrison observed the 
deforestation of the Miami Fort and nearby hilltops. These areas presented 
'precisely the same appearance as the circumabient forest. You will find on 
all of them the beautiful variety [of tree species} which gives such universal 

richness to our forest. ” (quoted in Ford & Ford 1881, p. 321). 

The Miami Fort was acquired by the county park district in 1967. Dur- 
ing the 1950’s it had been a city park used sporadically by scouting groups 
and for day camping activities. Its earlier history is not known, but the 





isolated, large walnuts suggest that the area was selectively logged at least 
50 years ago. It is likely that the fort was grazed as well. Since 1979 the fort 
has been lightly mowed about once a month from April to September. 

Three other populations of Trifolium stoloniferum grow in the same Ham- 
ilton County park. Two of these are at the edges of footpaths which also are 
heavily used by deer. The other population is below a black walnut in a 

picnic area. All three sites share the common disturbance factors of tram- 
pling and regular mowing. 

The fifth Hamilton County population grows in a cemetery owned and 
managed by the Ohio Historical Society. This is one of the oldest 
cemeteries in Ohio, having been established about 1790 (Burress 1987). 
This is the only extant population of Trifolium stolonijerum located in the 
vicinity of an historic collection of the species. The Short collection of 1834 
came from the former settlement of Fernbank only a few miles further east 
along the Ohio Valley. This cemetery contains the graves of several in- 
dividuals prominent in the history of Hamilton County. For that reason, 
the cemetery has been mowed and cleared of brush for an extended period . 
It was acquired by the Ohio Historical Society in 1935. The cemetery is 
kept closely mowed, which may benefit the clover by reducing herbaceous 
competition. As at the Miami Fort, the herbaceous associates are common 
species, such as Carex jamesii Schw. and Muhlenbergta schreberi Gmel. The 
clover grows at this site under the shade of American elms {Ulmus americana 

L.). 

Two populations of Trijolium stoloniferum grow in mowed and trampled 

ground near houses. These dooryard sites, as we may call them, are in 

Clermont and Warren counties. The Warren county population is in a 

moist path between an 1820’s homestead and an old barn. The Clermont 

County plants grow under a large American elm adjacent to an old stone 

barn. Herbaceous associates at these sites are weedy, non-indigenous 

species such as Glechoma hederacea. Polygonum cespitosum Blumc, and Trifo- 
lium repens. 

A single plant of running buffalo clover was located on a sandbar in the 
bed of an intermittent stream in a ravine in Warren County. Deer common- 
ly are observed in this valley. It is conceivable that this single plant sprang 

from deer droppings and that the animals had grazed on the clover at a 
nearby site, so far not discovered. 

MODERN HABITATS 

Despite the diversity of habitats described above, it is possible to make a 

few generalizations about the ecological requirements of Trifolium stolo- 
niferuM . 
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All but the dooryard site in Warren County are near streams and rivers. 
The five Hamilton County populations are on slopes or hilltops above the 
Great Miami or Ohio rivers. The Clermont County site is on the terrace of a 
small tributary of the Ohio River. The single plant in Warren County is on 
a sandbar in the bed of an intermittent stream. 

None of the extant populations of the clover are in full sun or dense 
shade. Most, including the largest, are in semi-shade with about 40-50% 
filtered light. The plants grow under black walnut or American elm or, at 
one site, tree-of-heaven {Ailanthus altissima (Mill.) Swingle). 

All sites exhibit some sort of current disturbance. The sources of the 
disturbance may be mowing or trampling or a combination of both. The 
four populations in the Hamilton County Park District are along trails and 
in a picnic grove. Mowing and trampling probably encourages the growth 
of the clover by reducing competition from herbaceous species. 

This disturbance has continued over an extended period of time at most 
sites. The cemetery has been kept open since the late eighteenth century. 
The woodland opening at the Miami Fort dates from at least the 1950’s and 
probably is a good deal older. The dooryard populations are adjacent to 

nineteenth century structures. 

All sites but the cemetery are linked to past or present grazing by herbi- 
vores. The Hamilton County park supports large herds of deer. The plant 
in the Warren County ravine is along a deer trail. Although there is no 
direct evidence of cattle grazing on any of the known sites, this is likely in 
the case of the dooryard sites and is possible at the Miami Fort. The connec- 
tion between running buffalo clover and herbivores is discussed in the 

following section. 

It is instructive to compare the Ohio habitats of Trifolium stoloniferum 
with those in other states. The two known West Virginia populations of 
running buffalo clover occur in alluvial soils of stream terraces. One of the 
populations is along a jeep trail. Both of the known Indiana populations are 
located in small ravines of intermittent streams near the Ohio River. The 
woods are very young, quite open, and lightly grazed by cattle. The clover 
grows on the slopes, in pathways created by the cattle, in the bed of an old 
logging road, and on sandbars and cobbles in the streambeds. The Ken- 
tucky population is found in a shaded pathway between a 1830’s farmhouse 
and a family cemetery. This path is mowed about twice a year and the area 
had been pastured until about 50 years ago. 

Soil associations apparently play only a minor role in the distribution of 
running buffalo clover. There is no known correlation between the range of 
this species and any specialized soil type. The extant Ohio populations 



